The landlocked dwarf ayu (koayu) Plecoglossus altivelis altivelis in Lake Biwa is one of the most important predators of planktonic crustacea. As part of predation ecology of koayu, the process of gastric evacuation was examined by two kinds of aquarium experiments. In the first experiment, koayu was fed for 1 h and the stomach contents after feeding was enumerated. Stepwise multiple regression analysis of the number of prey in the stomach on eight independent variables (numbers of six kinds of behavior during feeding, food concentration, and predator mass) selected only the number of foraging attacks as the predictor variable. In the second experiment, koayu was starved for 2 h after 1 h feeding. Prey number in the stomach before starvation was calculated from the number of foraging attacks and was compared with the number actually enumerated after starvation. Almost all stomach contents were digested and evacuated during the 2-h starvation. The stomach contents of koayu were, hence, ingested less than 2 h before the moment of collection. The present results enabled the estimation of predation rate in the field from the mass of stomach contents.
INTRODUCTION
The ayu Plecoglossus altivelis altivelis is an amphidromous fish with an annual life cycle and the landlocked dwarf population in Lake Biwa is locally called koayu. Lake Biwa is the largest lake in Japan (670 km 2 ) , yielding the highest commercial fish catch of Japanese freshwater fisheries. Koayu accounted for 51% of the total fish catch from the lake (1883 t; M Nishino, unpubl. data, 2000). Moreover, koayu is one of the most important piscine predators of planktonic crustacea in the epilimnion of pelagic Lake Biwa in summer. 1, 2 Therefore, evaluation of the predation rate of koayu in the field is indispensable for the quantitative ecology of prey populations and the whole plankton community.
Kawabata et al. 3 examined the stomach contents of koayu collected at different times on several dates. The stomachs were evacuated soon after sunset and filled within 2 h after sunrise and the contents were kept throughout the daytime.
These facts suggest the following diel foraging cycle: koayu do not eat after sunset, actively forage after sunrise, and continue ingesting food during the daytime.
The time course of food ingestion and gastric evacuation should be examined for estimating predation rate from the diel changes in stomach contents. 4, 5 The dynamics of stomach contents of fishes have been studied by continual examination of live individuals. For example, the stomach contents of brown trout Salmo trutta were removed by a pump 6 and the fecal pellets of roach Rutilus rutilus were searched for on the bottom of aquaria. 7 Nevertheless, koayu is very sensitive to manipulation and its behavior is completely altered even by stirring the aquarium. Hence, the stomach contents of koayu can be observed only after killing the fish.
In the present study, we investigated the process of gastric evacuation by two kinds of aquarium experiments. In the first experiment, koayu was fed for 1 h and the stomach contents after feeding were enumerated. Stepwise multiple regression analysis was performed for the number of prey in the stomach on eight independent variables (the numbers of six kinds of behavior during feeding, food concentration, and predator mass). In the second M Nishino and K Kawabata experiment, koayu was starved for 2 h after 1 h feeding. Prey number in the stomach before starvation was calculated from the predictor variable selected in the first experiment, and was compared with the number actually enumerated after starvation.
MATERIALS AND METHODS
Koayu was caught in the littoral area of Lake Biwa near Hikone and cultured in large aquaria of Shiga Prefectural Fisheries Experiment Station with dried insect meal as food at approximately 18∞C. After growing to approximately 50 mm in standard length, koayu was carried to the laboratory of Lake Biwa Research Institute and stocked with the same food at approximately 18∞C. For each observation, two individuals were introduced into a 45 L aquarium and discriminated by size and appearance. Solitary koayu swam around the aquarium without foraging and, hence, a pair of fish was observed.
The aquaria used for the experiments were illuminated with two 15 W fluorescent lamps from above. Three sides of the aquaria were covered with black sheets so as not to frighten fish, leaving one side transparent for observation. The bottom was covered with 3 mm mesh black netting kept 5 mm above the bottom to prevent scavenging. For more than half a day before experiments, fish were starved in the dark and the water filtered with a circulation system.
As food for experiments, zooplankton assemblage was collected in the morning of each experimental day from the epipelagic region of the north basin of Lake Biwa by vertical tows with a conical plankton net (diameter, 30 cm; mesh, 200 mm). Concentrated zooplankton suspension was poured into the experimental aquarium at the start of observation. The average initial prey density was 413 individuals/L (n = 43, SD = 251). Fish were fed with sufficient food, as the initial total prey number in an aquarium was approximately 390-fold the number contained in a stomach after 1 h feeding.
The present study consisted of two steps. First, the predictor variables of prey number in the stomach were selected, and then gastric evacuation was examined. In the first experiment, fish were fed for 1 h. We observed the behavior of one individual for 1 min, then the other for 1 min. The alternate observations were repeated for 1 h, taking a few breaks. The total number of behaviors for 1 h was calculated from the mean counts for each individual. A foraging attack was defined as a quick charge toward a prey with mouth wide open, and was often preceded by stopping with the body in an S shape. Five other kinds of behavior were also observed and counted: mumbling, knocking the aquarium wall or the bottom net, chasing the other fish, and interference by the other fish.
After 1 h feeding, fish were immediately killed and weighed. Their stomachs were dissected out and preserved in 10% formalin. A total of 13 pairs was observed, but data on three inactive predators showing less than 100 foraging attacks were excluded. The wet mass of 23 predators was 4.46 g on average, and the standard deviation was 3.24. The prey organisms in each stomach were identified and enumerated under a stereomicroscope.
Stepwise multiple regression of prey number in the stomach on eight independent variables (numbers of six kinds of behavior, food concentration, and predator mass) was carried out in the forward direction setting F-to-enter value as 4.
In the second experiment, fish were fed and observed for 1 h as in the first experiment. After feeding, fish were starved for 2 h in the dark. The remnant food in the aquarium was removed with a circulation system within several minutes. After starvation, fish were immediately killed, weighed, dissected and the stomach contents examined. The number of prey in the stomach at the start of starvation was calculated from the predictor variable selected in the first experiment. Then, the prey numbers in each stomach before and after starvation were compared. A total of 10 pairs was observed and the wet mass of 20 predators was 4.47 g on average (SD = 1.98).
RESULTS
In the first experiment, stepwise multiple regression analysis of prey number in the stomach selected only the number of foraging attacks as the predictor variable (Table 1) . Consequently, prey number in the stomach after 1 h feeding (Y ) was simply regressed on the number of foraging attacks during 1 h (X ) (Fig. 1) : Y = -2.49 + 0.217X (n = 23, r 2 = 0.46, P < 0.001). The Y-intercept was almost zero, and the slope of approximately 0.2 indicates one successful capture out of five foraging attacks. The coefficient of determination was not large. Of all prey organisms found in the stomach, 51% was Daphnia galeata, and 34% was Eodiaptomus japonicus.
To examine the possibility that the prey organisms ingested early in the feeding period had been digested at the end of the experiment, prey number in the stomach (Y ) was regressed on the number of foraging attacks in the second half (0.5-1 h) of the feeding period (X ): Y = 76.6 + 0.333X (n = 23, r 2 = 0.35, P < 0.005). The large Y-intercept and the low coefficient of determination indicate that the prey ingested in the first half (0-0.5 h) was still identifiable at the end of the experiment. Moreover, the prey number in four stomachs even exceeded the number of foraging attacks in the second half. These results showed that the prey organisms in the stomach were still identifiable 0.5-1 h after ingestion. Koayu was starved for 2 h in the second experiment because the first experiment showed that the stomach contents were not evacuated within 1 h. The stomachs were almost empty after 2 h starvation irrespective of the estimated prey number before starvation (Fig. 2) . In the 12 stomachs that were not empty, three dominant prey species, Daphnia galeata, Eodiaptomus japonicus and Mesocyclops dissimilis, did not significantly differ in number (Friedman test, P = 0.38). Thus, the rate of prey evacuation was not species specific.
DISCUSSION
The prey densities used in the present study were near the highest values in the field. 8 The species composition of stomach contents in the present study was also similar to that of koayu collected in the field. 3 Thus, the present food conditions approximated the natural conditions of koayu.
Many researchers have sought a method directly measuring the predation rate of fish in the field. 5 Some have calculated the predation rate from the stomach contents assuming that the contents at a particular moment show the amount of food ingested during gastric evacuation time. Complete evacuation is unrealistic and, hence, the almost empty stomachs after starvation in the present study show that 2 h is a practical approximation of the gastric evacuation time of koayu. Decrease in the stomach content mass of koayu collected from the field was 90% in 0.9 h after sunset and 97% in 2.6 h. 3 This reduction in the dark is similar to that in the present second experiment.
Gastric evacuation is delayed when the fish is not feeding. 9 Hence, the present gastric evacuation time of 2 h measured under food-free conditions may be an overestimation. In the present first experiment, however, prey organisms were identifiable in the stomach 0.5-1 h after inges- 
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tion. The real evacuation time is probably between 1 and 2 h. Hence, the stomach contents of koayu continuously foraging in the field were ingested less than 2 h before the moment of collection. The prey number in the stomach of koayu divided by 2 h gives the minimum estimate of predation rate because the denominator is overestimated.
